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Impact of vegetation cover on the ejection and sweep processes in the
atmospheric-surface-layer : A case study
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ABSTRACT

Variation in the statistical characteristics of intermittent gjection, and sweep
avents with the surface drag and atmospheric stability has been studied using sonic
anemometer data at 4 m height in the 'LASPEX-97", Tall-grass and short-grass surfaces
introduced different type of drag conditions leading to roughness differences, Events
intermittent in nature ware found to depend on surface drag rather than an atmaospheric
stability and an Intermittency Index is defined. Study of spectral behavicr of the
evants using Haar wavelet transform showed skewed-bell-type distribution, with
maximum contribution from the middle scale eddies. Contributions by smaller scale
[spatial scales 0.4 - 7.28 m) / larger scales (spatial scales 45.5 m - 3.729 km) eddies

weare more in smooth [ rough surface conditions respectively.

Key words: Land-surface interaction, Ejection-sweep processes, Intermitiency of
gjection-sweep processes, Wavelet transform.,

The exchanges of momentum, heat and
motsture at the surface strongly influence the
dynamics and thermodynamics of the
atmaosphere. In order o simulate these by
numerical models, a better understanding of
the flux processes is required. It is recognized
today that these flux processes are not smooth,
continuous, but rather composed of discrete,
intermittent ejection, sweep events. The
studies of Kline er al. (1967), Corino and
Brodkey (1962), Narhari Rao er al. (1971}
Brown and Roshko (1974), Kulkarni e al
(1999) have brought out the important role
played by these events in the maintenance of
turbulence. However there are some aspects
related to these events for which the
understanding is not very clear. One of them
1s variability of the events with the surface
conditions:

As per Monin and Obukhoy (1954)
similarity theory, and Townsend's (1976)
rough-wall similarity hypothesis, outside the
roughness sublayer, the turbulent motion is
independent of the boundary roughness, Ina
study Krogstad er ol (1992) revealed that
over the rough surface, both thesa events have
a frequency twice of that over a smooth
boundary. However, Katuler al, (1997) have
shown that ejections and sweeps occurred at
equal frequencies ireespective of roughness
lengths or atmoespheric stability conditions.
These contrasting results prompt further
studies relited to these events under a variety
of surface conditions. This study is an attempt
in that direction. The variation in the statistical
characteristics of these events including
intermittency, with the surface drag and
atmospheric stability conditions has been
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studied.
MATERIALS AND METHODS
Deta and turbilent statistics

The Land Surface Process Experiment
1997 (LASPEX -97) was conducted over
Sabarmati River basin in the Gujarat State of
India, In this experiment, tower data was
collected continuously during Intensive
Observation Periods (13-18 of every month)
wl fve statians viz, Anand, Sanand, Derol,
Ehanda and Arnej. For the present study the
wind und temperiture duta at Anand Central
station {Lat 22°35' N, Long 72° 3% E) have
beenused. The experiment site was covered
with growing grass (Sun hemp) extending
horrzontally up to ~ 300 m in East, South,
and West directions and ~ 100 m in the Narth
direction. We have selected two days, vie, 13%
and 17" August 1997 having contrasting
surface conditions, The grass height was
different on these two days, being 80-100 em
on 13" (tall-grass condition} and 2-3 cm on
| 7% August 1997 (short-grass condition), The
dif ferent grass heights introduced varied drag
condittons on the atmospheric surface layer.
Eight sets of data, at regular intervals of one
fhour from 1100 to 1800 hours Indian Standard
Time (IST), were collected on these two days.
The sampling frequency was 10 Hz, and
sampling period was 27.3 minutes
(corresponding to 16384 data points). The
sonic anemometer { Applied Technologies Inc.,
SW5S-211/3k) at 4 m height, measured the u,
vo w components of winds, and air
temperatires U Coordinate transformation was
applied to measured wind data to obtain
longitudinal (U) and transverse (V) velocity
components, The sky was partly cloudy with
virtable 1 - 4 octa clouds on both the days.

RESULTS AND DISCUSSION

EIECTION AND SWEEP PROCESSES 150

Unstable atmospheric conditions
prevailed on both the experimental days.
Fig.I(a) shows the variation of the stability
parameter z/L (where z is the height of sonic
anemometer shove the groundand L is Monin-
Obukev length). The instability was more on
the short-grass-day with a maximum at 1300
hours IST, Fig. 1(b) shows the varation of
the drag coefficient C_, computed as
C,={U"/ <U=1 where U' is wind-friction
velocity, on the two experimental days, The
drag was found consistently more on the short-
grass-day implying the rough surface
condittons. At 1300 houwrs IST, on the short-
grass-divy, the drag was the maximum and had
vitlue twice compared to that on the tall-grass-
day al the same observational hour. Relatively
high drag values were also observed at 1700
and 1800 hours IST on the short-grass day.
Fig, lic) shows variation of mean <Uz> wind
at the observational hours on these two days,
The wind was stronger on 13th at all the
ohservational hours except at 1500-hour IST.
Fig. | (d) shows the coefficient of variation
for the mean <U> on the two experimental
days, In general the variability in the wind
speed was more on the short-grass day,
reaching as high as 87 % at 1300 hours IST.
Fig. 1{e) shows the variation of meun
momenturm flux, The downward momentum
flux was more in the tall-grass condition, at
all the observational-liours except at 1500
hours IST. The variation in this flux closely
follows the mean wind variation <Uz. The
upward heat flux in the short-grass condition
was consistently more than that in tall-grass
condition reaching 185.24 Wm at 1500 hour
IST (Fig. 1f).

Varigtion of efections and sweeps events with
surface drag condition

In order to decompose the total flux into
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Fig. 1: The variation of {a) 2/ L (b)) CD () mean wind <Uz> {d) coefficient of variation (%)
(o) mean momentum [Nux <u’w'> and heat flux <Qh> at observitional hours on 13
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Fig. 2: The fractional variation of sweep and ejection in momentum flux, in the heat flux, for
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Journal Of Agrometeorology/ceety/144



153 KULKARNI AND SADANI [Vol .3, No. 1 & 2

] 1
b 2al
| i
B "--"|' la} | 24| led
E
E ank 0 ) __'
= | 16
}1_2? = I:I.BF
E I o4- |
oal i i ik n.nl' — - i :
001S DUER DR 0OE O S &0 =0 <m0 A0 o
B i & | E.U'r s ]
E ] 1 i
3148 vab W |
B t
E’Lﬁ‘ - 1.E| ¢ E
: [ ;
T | Tk |
= 1 - |} -
= uzl- . 126 .
= L ] - - -
E10- 14 .
] k . . ® " = = = o@m
E‘ru.al & . os i n
DETs | OpE0 0025 ooEd  Dass 50 -0 -89 =0 a0 @
— - .
13 LY = ] 1.3 Boow
leh
18 1zf 9
ERE 1ir "
— ]
B owbr 104 s
T
E asp o3 .
e n "
£ ot oEl n o
E (153 L] - ._ .
avt . . | g *
A = — i o
Y L L T 50 - @ 20 A8 o
N =
Iy 184 |
i) . | k) .
= 16 15t
i | s
=4 14¢ .
%o | [ .
T O12h 12} s .
E !' " |
.Emi . 1.{:} i
oo . | n.s|- -
08 e e L e -
G015 Og20 0025 0080 QOIS T T T - TN o
144 F
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contributions from ejections and sweeps
events, the guadrant analysis method
(Kulkarni et al. 1999) is used. The
contributions are expressed in terms of
fractions of the total. As the mean flux 15 a
residual of positive and negative values, the
fractional contribution at imes goes beyond
1. Fig. 2(a) shows the variation of fractional-
contributions from gjections and sweeps to
mcmentum Aux on the two experimental days,
The figure shows that whether grass is shott
or tall, sweep dominates the contribution Lo
momentum flux, both sweeps and ejections
over short grass dominate those over the tall
UTISS:

Fig. 2(b) shows the fractional
contribution by these events to sensible heat
flux. Here also the behaviar similar to that
in momentum flux is noticed ie. the fractional
contributions by both these events were more
on the short-grass-day. However, here it is
the ejection that is predominant in the flux
contribution. These results agree with
Krogstad er al. (1992). The maxima arce
attained at 1300 hours IST, at which both the
instability and drag conditions are also
maximum, In order 1o identify which of these
two factors really affected the activity of the
fractional-flux-contribution, the variation of
lhese Mractional contributions wers studied in
relation with C and z/L. Figs. 3{a, boe.d)
and (e, f, g, h) show the scatter diagrams of
the variation of fractional-contributions by
these events with C and 2/L respectively, Tt
is noticed that a relatively less scatter is seen
with C | compared with #/L..

Intermittency in the events
[n the above discussion, all the ejection

and sweep events were considered imespective
of their magnitudes. Although the mean
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momentum and heat flux is the result of
innumerable major and minor bursting events,
itis observed that the significant contribution
(7088 comes from relatively a few major
events. In order to 1solate the major events,
we apphied following criterion. In the
momentum flux, a major event is saul to occur
when instantaneous

Uw<-04d,

similarly in the case of temperature flux, a
majorevent 1s detected when

wit'>-0_a,

where @ .0, 0, are Tool mean square values
of deviations of wind U, w, and temperature
t. For the sake of brevity herdinafter a major
event 1s referred as event only. Figure 4 shows
the variation of ¢jection and sweep events.on
bath the experimental duys. It is seen from
Fig. 4(a, b) that consistently & more number
of ejection and sweep events participate in
the momentum flux process, in the tull-grass
condition than that in the short-grass condition
at all the observational hours. In the gjection
events a considerable difference is noticed at
1100, 1200, 1300 hour IST. In the case of
heat flux process, the roles of ¢jection and
sweep events do notappear to be as distinet
as seen in the case of momentum flux process,
The ejection in the tall-grass condition was
found to be more than that in short-grass
condition at 1100, 1200, and 1300 hour IS8T
{(Fig. 4 ¢). More number of sweep events
was found in the all-grass condition than that
in the short-grass condition almost at all the
observational hours except at 1500 and 1800
hours IST, where they are marginally smaller,
Thus it is seen that more number of ejection
and sweep events participate in the flux
process in the tall-grass condition compared
with short-grass condition. This result differs
from the result reported by Katul eral, (1997)
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where in they found the equal frequency of
gjection and sweep events in rough and smooth
boundary conditions.

Having noticed variation of events with
respect to surface conditions, an attempt is
mads to guantfy the intermittency, We defined
an intermittency index (1) as

support of events
1= o et B A
[l Total recend f'e.’ngn'r] =100

Here the support of the events means
the cumulative record length over which the
events are recorded. IF the events were present
over the entire record length, then, 11 =0, and
if the events were over short duration, then I1
would have maximum vilue, The variation of
[ with the observational-hours is shown in
Figure 3 (a, b). Therange of II values is lrom
37% to 82% in the momentum flux and 57%
o 77% in the heat fluy events. It is seen that
the intermittency is large in the rough surface
conditinns in both the momentum and heat Mux
processes. The maxinuum [T is noticed at 1300
hour 15T at which both the drag and instability
parameter were having maximum values. The
analysis using scatter plot (similar to that
discussed in the above section) has been
carried out to identify which of these 1s
responsible for inducing the intermittency in
the events. It was noticed that [1 was related
with the surface drag condition rather than the
instability condition.

Spectral nature of the events

In order to understand the dependency
of the activity of events on the spatial eddies,
the time series of ejection and sweep have been
processed by discrete Haar wavelet analysis,
The computation of wavelet coefficients and
reconstruction are as deseribed in Kulkarni et
il (1999}, The total number of points used in
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the study is 16384 (=2'), which gives 14
dyadic scales. The turbulent intensity remamed
less than (L5 (except at 1300 hours IST in
short-grass condition) at all the observational
hours. Hence Taylor's (1938) hypothesis was
used to convert time increments to space
increments. The spatial eddy scales Ria) wers
computed using

Rla)=2" x<U>/ f

where o’ is dyadic scale (goes 1-14), and f_is
sampling frequency. The scales of the eddies
range from 017 m (For scale a =1) at 1200
hours IST on short-grass day to 4.88 km (for
scale a = 147 at 1800 hours IST on wll-grass
day.

The spectral nature of these events has
been shown in Fig, 6(a, b, ¢, d). One
remarkable thing noticed from the figure is
that, the spectral distribution has a bell shaped
curve, with maximum contribution occurring
at the middle scale (spatial scale =7 + 2 m)
and the decreasing contribution at larger and
smaller scales. Another aspect noticed is that
the eddies of scales 1 to 5 contribute more in
the tall-grass condition and eddies of scules
6-14 contribute in short-grass condition in the
activity of events. The mean eddy length for
scale 1is 455 em. for seale 5 is 7.28 m and
for scale 14 is 3.729 km, Thus the eddies up
toseales 3ie. of lengths - 3-7 m are active in
the tall-grass condition whercas the large
eddies extending spatially up to few km are
found active in the short-grass condition,

CONCLUSIONS

The study showed that the statistical
properties of the ejection and sweep events
depend upon the roughness of the surface. The
sweep /ejection events play dominant role in
the momentum / heat flux processes, The
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rough surfaces are found to introduce a large
intermittency in these events. The spectral
characteristics display a skewed-bell-shaped
distribution with the maximum contribution
{rom the middle scale eddy (of scale 6) in the
14 dyiudic scale eddy-spectrum, The response
of cddies in the gjection and sweep processes
depends also on the surface drag conditions,
The smaller eddies are more active in the
smooth surface condition (tall grass) whereas
the large eddies are more active in the rough
surface conditions (short grass), These results
are based on a single case study. More studies
are required for obtaining the universal
comprehensive representation of these events.
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